
The importance of cardiac MRI as a
diagnostic tool in viral myocarditis-induced
cardiomyopathy

Myocarditis is an acute or chronic inflammatory
disease of the myocardium which can be viral, post-
infectious immune or primarily organ-specific
autoimmune. Clinical manifestations of acute and
chronic myocarditis are extremely varied, ranging
from mild to severe. Affected patients may recover
or develop (dilated) cardiomyopathy (DCM) with
life-threatening symptoms including heart failure,
conduction disturbances, arrhythmias, cardiogenic
shock or sudden cardiac death.
The diagnosis of myocarditis is a challenging pro-
cess and not only because of a diverse presentation;
other problems are limited sensitivity of endomyo-
cardial biopsies (EMB) and overlapping symptoms.
Furthermore, the diagnosis is not well defined.
However, early diagnosis is mandatory to address
specific aetiology-directed therapeutic management
in myocarditis that influences patient morbidity
and mortality. 
Currently, EMB remains the only way to confirm
the presence of a viral genome and other histo-
pathological findings allowing proper treatment
to be implemented in cases of myocarditis. In-
creased recognition of the role of myocardial
inflammatory changes has given rise to interest in
noninvasive imaging as a diagnostic tool, especially
cardiovascular magnetic resonance imaging
(CMR). In this review we discuss the current role
of CMR in the evaluation of myocarditis-induced
inflammatory cardiomyopathies. (Neth Heart J
2009;17:481-6.)
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M yocarditis is a cardiac disease associated with
inflammation and injury of the myocardium.1

The term myocarditis was first introduced in the 19th
century. In 1986, in an effort to standardise the
diagnostic criteria, a panel consisting of eight cardiac
pathologists proposed the Dallas criteria and provided
a histopathological categorisation by which the
diagnosis of myocarditis could be established.2 How-
ever, this classification had several pitfalls, being
susceptible to variation in pathological interpretation,
sampling error and not considering the exact cause of
pathological findings. A clinicopathological classifi-
cation utilising both histological and clinical features
in which four distinct subgroups were subdivided was
provided in 1991 and adjusted in 2001 but it has
received only limited acceptance. Acute myocarditis
(AM) was categorised into a common and a fulminant
type depending on whether or not patients received
mechanical circulatory support in the management of
heart failure. Chronic myocarditis (CM) was sub-
divided into chronic active and chronic persistent
myocarditis. There is consensus that viral infection is
responsible for the vast majority of cases in North
America and Europe.3,4 Coxsackievirus B3 (CBV3) is
considered the dominant viral aetiological agent.5

Other frequently detected viral genomes are entero-
virus, adenovirus, parvovirus B19 (PVB19), human
herpes virus 6 (HHV6) and Epstein-Barr virus (EBV).6

AM must be considered in patients presenting with
recent-onset cardiac failure or arrhythmia, though the
onset of clinical symptoms may be vague and clinical
features are heterogeneous, ranging from asymptom-
atic, generalised malaise, acute heart failure, dilated
cardiomyopathy (DCM) and even sudden cardiac
death, which accounts for up to 20% of cases in young
adults.4,7 Important clues to its epidemiology come
from routine post-mortem examinations where it is
identified in 1 to 9%.8

In contrast, fulminant myocarditis is characterised
by a distinct viral prodrome, a rapid onset of symptoms,
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extensive haemodynamic compromise and marked
myocardial inflammation.9 The clinical course is related
to the type of virus; with a benign course in PVB19,
and a worse progression in the setting of HHV6 with
a latent state after primary infection.10 Prognosis in
biopsy-proven AM is also related to histological classifi-
cation and biomarkers with a higher survival rate
observed in patients with fulminant myocarditis versus
an AM group.11 A high early mortality rate of patients
with myocarditis varying from 22% in the acute
fulminate group to 50% in the chronic recurrent group
has been observed with a high prevalence of late deaths
in patients with chronic latent myocarditis.12

CM is a common evolution of AM.13 AM recovers
spontaneously within a few weeks to months in up to
50% of patients. Nevertheless, progression of AM to
CM or DCM occurs in about 21% of cases by both viral
persistence and/or autoimmune self-perpetration.14,15

In CM, a viraemia is frequently absent and intramyo-
cardial inflammation is considerably lower than in
patients with AM and thus can be detected only by
using sensitive immunohistological techniques and
nested polymerase chain rather than histological Dallas
criteria. CM can be divided into chronic active myocar-
ditis and chronic persistent myocarditis. In active CM,
symptoms of moderate left ventricular dysfunction,
ongoing inflammation, myocardial damage and active
scar tissue are present (active or borderline myocarditis).
Persistent CM often has a normal left ventricular
function, atypical chest pain and persistence of inflam-
mation. On occasion, a viral genome can be detected
in biopsy sampling. Therefore CM is mainly diagnosed
clinically by symptoms of left-sided chronic heart fail-
ure, especially idiopathic DCM or myocardial fibrosis.
Frequently detected viral genomes in endomyocardial
biopsies from patients with clinically suspected
myocarditis in the past and DCM are CVB3 and B4,
echovirus, adenovirus, PVB19, EBV and HHV6.16

The current diagnostic gold standard for the
detection of myocarditis is direct visualisation by autopsy
or endomyocardial biopsy with the histological Dallas
criteria in conjunction with new tools of immuno-
histochemistry and viral polymerase chain reaction,
according to the 1995 World Health Organisation
classification of cardiomyopathies. Although, recent
data suggest that current histopathological criteria for
myocardial inflammation are not sensitive to identify
the populations with viral or autoimmune-related heart
compromise.2 Furthermore, interpretation of bioptic
findings is subjective due to a considerable inter-
observer variability, occurrence of complications, and
the lack of standardisation in performing the biopsy.7

However, early diagnosis is mandatory to address
specific aetiology-directed therapeutic management in
AM and CM which influences patients morbidity and
mortality. Further, early diagnosis of myocardial
involvement may permit earlier onset of heart failure
treatment and extend the life span in these patients.
New insights into the role of myocardial inflammatory

changes have given rise to interest in noninvasive
imaging as a diagnostic tool, especially cardiovascular
magnetic resonance imaging (CMR). CMR provides
the opportunity of anatomical imaging and an accurate
assessment of functional parameters, but in this respect
what is more important is its ability to characterise
tissue. Presence of contrast enhancement (CE) indicates
myocardial injury (i.e. scar, fibrosis) and T2-weighted
images mark interstitial oedema, known as an integral
part of the inflammatory response.

The present review therefore focuses on the current
role of CMR in the evaluation of myocarditis and
myocarditis-induced cardiomyopathies.

Pathophysiology of myocarditis
In order to better understand the often unpredictable
clinical manifestations and progression of viral myo-
carditis, the pathophysiological process has to be
elucidated. Important lessons come largely from studies
in animals.17

The actual underlying pathological mechanism
remains controversial, though three mechanisms have
been proposed. During the first acute phase (days 0
to 3), direct excessive destruction of the myocardium
occurs by infiltrating immune cells targeting virus-
infected cardiomyocytes, within three days after in-
fection, frequently extending to the remote uninfected
region. A high titre of virus is present in the blood.
The initial phase frequently passes unnoticed since the
initial damage is often prevented by the innate immune
response. The second subacute phase (days 4 to 14)
develops as a result of autoimmune-mediated de-
struction of cardiac cells by circulating autoantibodies
and/or autoreactive immune cells or by immune-
mediated obliteration of cardiomyocytes, which is
caused by mimicked epitopes shared between viral and
cardiac antigens. Finally, in the third chronic phase
(days 15 to 90), viral particles are typically absent in
blood and peripheral tissues. Viral RNA persistence
and immune infiltrates may contribute to long-term
tissue degeneration and a typical picture of DCM, and
congestive heart failure develops as a result of direct
virus-induced cardiomyocyte injury.5,18,19

Myocarditis-induced (dilated) cardiomyopathy
In 20% of cases, acute myocarditis progresses to
DCM.20 Evidence suggests that a viral mechanism not
only contributes to the acute phase of myocarditis but
also to the evolution of ongoing cardiac disease. The
persistence of a higher incidence of neutralising anti-
bodies to (coxsackie B) viruses in patients with cardio-
myopathy than in age-, sex-, race-, and geographic-
matched control subjects pointed to the theory of a
viral cause underlying the pathogenesis of cardio-
myopathy.19 A substantial proportion (10 to 34%) of
DCM patients may in fact suffer from viral myo-
carditis.9,17 DCM, a major cause of heart failure and
cardiac transplantation, is characterised by dilatation
and impaired contraction of the ventricles. The clinical
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manifestation of DCM and a history of acute viral
myocarditis does not confirm a CM. Three possible
mechanisms for the development of DCM as a con-
sequence of an episode of CBV myocarditis have been
described.21 The first proven mechanism is the develop-
ment of DCM in an acute or subacute timeframe as a
direct cytotoxic effect subsequent to an episode of
myocarditis. The second potential (hypothetical)
mechanism comprises a slow, chronic and continuous
destruction of cardiac myocytes or impairment of
myocyte function. The third mechanistic possibility is
that of DCM developing long after complete resolution
of the initial episode of myocarditis. DCM develops
as a result of an undefined process in which an episode
of remote viral infection renders the healed myo-
cardium more susceptible to the remote development
of idiopathic DCM. Mutations in several genes
encoding structural proteins of the myocyte can cause
DCM, but the gene defects identified so far appear to
account for a minority of cases. Recently, increasing
evidence has emerged that a substantial portion of
patients with myocarditis and DCM represent different
stages of an organ-specific autoimmune disease in
genetically predisposed individuals.22

CMR in the acute and chronic phase of myocarditis
Recent studies have demonstrated that CMR has
shown promising results in the early diagnosis and the
follow-up of AM and its subsequent stages. CMR
includes several techniques that can be used in various
combinations to assess left ventricular (LV) functional
parameters, morphology, myocardial perfusion, and
myocardial disorders within one examination.23

Besides significantly lower ejection fractions and
wall motion abnormalities in patients with AM, two
relevant contrast-enhancement CMR (CE-CMR)
approaches have been found to be effective in identify-
ing areas of myocardial damage in AM. Myocardial
global relative enhancement (gRE) reflects myocardial
hyperaemia and increased capillary permeability as
features of present inflammation, whereas late CE-
CMR usually indicates irreversible myocardial injury.
GRE (T1-weighted imaging pre- and post-contrast,
used to calculate gRE from the mean signal intensities
(SI) within the manually outlined borders around the
LV myocardium and right erector spinae muscle) has
been observed significantly more often in myocarditis
patients compared with controls.14,24 CE-CMR enables
visualisation of myocardial damage in patients with
myocarditis after intravenous injection of gadolinium.
Due to different wash-in and wash-out kinetics, areas
with myocardial changes, such as scarring, fibrosis and
oedema, retain gadolinium for prolonged periods. This
provides an opportunity to visualise areas of myocarditis
defined by histopathology, with a reported sensitivity
of 100% and specificity of 90%.25 Presence of late CE
is reported in 44 to 95% of patients with myocar-
ditis.10,25 In acute myocarditis, CE is frequently located
in the lateral wall originating from the epicardial

quartile, though the pattern of myocardial injury is
influenced by the virus type.26 According to CE
patterns, this technique is also capable of ruling out an
ischaemic cause in the differential diagnosis of myo-
carditis because CE patterns in the setting of ischaemic
infarction always include the subendocardial layer of the
myocardium (figure 1).4 Enhancement patterns in
myocarditis generally exclude the subendocardium
with the exception of eosinophilic myocarditis fre-
quently involving the endomyocardium (figure 2).27,28

Further, the type of virus and pattern of myocardial
damage are related. CE in the lateral free wall is found
in the majority of PVB19 patients, whereas in HHV6
myocarditis, CE frequently is observed in the midwall
of the interventricular septum (figure 3).10 Thus CE not
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Figure 1. Ischaemic anteroseptal infarction. A) Short-axis view
showing a transmural pattern of contrast enhancement in the
anteroseptal and inferoseptal wall. B) Four-chamber view showing
a transmural pattern of contrast enhancement in the inferoseptal
and apical wall.

Figure 2. Eosinophilic myocarditis. A) Short-axis view showing a
pattern of subendocardial and midwall contrast enhancement in
the anteroseptal and inferoseptal wall. B) Four-chamber view
showing subendocardial and midwall contrast enhancement in the
inferoseptal wall.

Figure 3. Myocarditis. A) Short-axis view and four-chamber view
showing a pattern of midwall contrast enhancement in the septal
wall, B) Four-chamber view showing a pattern of midwall contrast
enhancement in the inferoseptal wall.
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only differentiates between myocarditis or infarction,
it can also differentiate between various viral origins.

Another interesting CMR approach in acute myo-
carditis is T2-weighted imaging, a pulse sequence
sensitive to regional or global increases of myocardial
water, a substantial feature of the inflammatory response
in human myocarditis.15,24 A combined CMR approach
using black blood T2-weighted imaging and CE-CMR
showed a significantly higher T2 SI in patients with
myocarditis. 

An alternative acquisition mode for imaging
oedema in myocarditis could be the T2-prepared
steady state free precession (SSFP) technique which is
more reliable for imaging oedema in acute myocardial
infarction. It provides fewer artifacts and has better
diagnostic accuracy than conventional dark blood
acquisitions.29

The parameters described above are also of utmost
importance in the clinical follow-up and in the evalu-
ation of the response to the initiated treatment.

MRI can also play an important role in the diagnosis
of the chronic phase of myocarditis such as the aetiology
of DCM. As noted earlier, CM can be divided into
chronic active myocarditis and chronic persistent myo-
carditis. In patients clinically suspected of CM, viraemia
is often absent. Therefore, CM is mainly diagnosed
clinically by the presence of chronic heart failure,
especially idiopathic DCM or myocardial fibrosis. MRI
is capable of accurate detection of myocardial fibrosis
in DCM. Global relative enhancement (GRE) may be
useful in the noninvasive detection of inflammatory
processes of the myocardium. Beside increased oedema
ratio from T2-weighted imaging, increased GRE was
a common finding in suspected CM that could be
confirmed at immunohistological analysis14 CE-CMR
identified areas of myocardial inflammation in 70% of
patients with biopsy-proven CM presenting with heart
failure or ventricular arrhythmias.13 A frequent pattern
of CM in CE-CMR is midwall or subepicardial en-
hancement generally excluding the subendocardium.
Evaluated CM subgroups (histological evidence of
active myocarditis and borderline myocarditis) reveal
different enhancement patterns. In both groups, the
group with histological evidence of active myocarditis
and the group with borderline myocarditis, a midwall
pattern is a frequent finding (figure 4). Though, a
pattern of subepicardial CE is only observed in patients
with histological evidence of active myocarditis.13

Enhancement patterns seen on CE-MRI may also serve
as a map for the exact location to accomplish endo-
myocardial biopsy if necessary; thus enhancing the
diagnostic accuracy of endomyocardial biopsy.

Therapeutic management
The diagnosis of myocarditis has relevant therapeutic
implications. Supportive care is the first-line therapy
for patients with myocarditis. Treatment of myocarditis-
induced cardiac failure includes the standard regimen

(including diuretics to lower ventricular filling pres-
sures, an angiontensin-converting-enzyme inhibitor
to decrease vascular resistance, and a β-blocker after
achieving clinical stability). Arrhythmias should be
monitored and treated. Mechanical support with an
intra-aortic balloon pump or LV assist device as a bridge
to recovery or heart transplantation may be necessary
in cases that fail to improve.18

Apart from symptomatic or supportive therapy,
additional treatments are being investigated for myo-
carditis because long-term consequences of myocarditis
appear to be related to the activation of cellular and
humoral autoimmunity.19 A variety of immunosup-
pressive agents and intravenous imunoglobulins have
caused marked improvement. Interferon-B treatment
resulted in elimination of viral genomes (22 of 22
patients) and improved left ventricular function
(assessed echocardiographically; 15 of 22 patients) in
patients with enteroviral or andenoviral persistence.30

In a series of ten patients with new-onset DCM treated
with high-dose immune globulin, echocardiographic
left ventricular ejection fraction (LVEF) improved 17
EF units.31 The Marburg registry also favours intra-
venous immunoglobulin treatment in biopsy-proven
adenovirus and parvovirus B19 myocarditis combined
with optimal conventional therapy to achieve virus
clearance.32 A subset of patients with CM, those expres-
sing class I and II human lymphocyte antigen on
cardiac myocytes, may show a response to azathioprine
and prednisone.8

Other results did not support routine treatment of
myocarditis with immunosuppressive drugs. Additional
treatments did not have a real advantage over standard
treatment for heart failure; no beneficial effect on the
primary endpoint, angiographically determined LVEF,
was seen.33 Actually a mild negative influence on left
ventricular dimensions was observed.34

There is evidence that intramyocardial viral per-
sistence is associated with progressive ventricular
dysfunction, whereas spontaneous viral elimination
was associated with a significant improvement in LV
function.16 However, another study showed that an
advanced New York Heart Association functional class,
immunohistologicalsigns of inflammation, and lack of
β-blocker therapy, but not histology (positive Dallas
criteria) or viral genome detection, are related to poor
outcome. With regard to as yet unestablished antiviral
or immunosuppressivetreatment strategies, according
to these authors it is mandatory to differentiatechronic
active viral myocarditis (myocardial viralinfection with
cellular inflammation) from postviral autoimmunity
and from harmless latent viral persistence without
inflammatory infiltrates to address specific aetiology-
directed therapeutic management.2

Unfortunately, randomised clinical trials high-
lighting the clinical importance of CMR visualising the
extent of endomyocardial involvement and response of
a therapeutic regimen have not been performed. How-
ever, a number of cases and case series have been
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reported, illustrating the usefulness of CE-CMR in the
evaluation of the response to the initiated treatment in
patients with myocarditis.28,35-37

Conclusion
With current insights into the knowledge of progres-
sion of AM to CM or DCM with life-threatening
symptoms, we emphasise the importance of a correct
diagnosis of myocarditis. 

This can be done noninvasively with a high
diagnostic accuracy, by using a combined approach
with cine CMR, early and late CE-CMR and T2
acquisitions. Evidence of persisting inflammatory
activity detected with CMR in AM and CM may have
relevant prognostic implications and serve as a power-
ful tool to triage patients for appropriate treatment.
CMR can also monitor the left ventricular functional
parameters and the regression of myocardial inflam-
mation in patients undergoing a therapeutic regimen. 

We recommend this combined CMR approach in
patients suspected of having myocarditis as a valuable
noninvasive diagnostic imaging tool in identifying areas
of myocardial damage that suggest a myocardial inflam-
matory process. CMR is also a valuable research tool. The
conflicting results of specific treatment, such as antiviral
or immunosuppressive medication, need at least to be
studied in randomised trials before a final statement can
be made on the value of CMR data to visualise the
improvement of left ventricular functional parameters
and the extent of myocardial involvement. ■
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